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FILE 'BIOSIS' ENTERED AT 14:54:15 ON 28 AUG 2002 

LI 191 S OSTEOCLAST PRECURSOR OR PREOSTEOCLAST 

L2 93185 S PERIPHERAL BLOOD 

L3 14 S LI AND L2 

L4 4 86 S JOINT FLUID 

L5 0 S LI AND L4 

L6 79963 S JOINT 

L7 4 S L6 AND LI 

L8 6224 S OSTEOCLAST 

L9 3 S L8 AND L4 

L10 14042 S PHYTOHEMAGGLUTININ 

Lll 4515 S L2 AND L10 

L12 27 S HUMNA 

L13 5239770 S HUMAN 

L14 3470 S Lll AND L13 

L15 12336 S HUMAN PERIPHERAL BLOOD 

L16 1135 S L15 AND L10 

L17 2 763 0 S SUPERNATANT OR CULTURE FILTRATE 

L18 49 S L17 AND L16 

L19 0 S L18 AND LI 

L20 0 S L18 AND L8 

L21 274644 S DIFFERENT I AT? 

L22 4 S L21 AND L18 

L23 585 S PHYTOHEMAGGLUTININ (P) STIMULAT? (P) (HUMAN PERIPHERAL BLOOD) 

L24 22 S PHYTOHEMAGGLUTININ (P) STIMULAT? (P) (HUMAN PERIPHERAL BLOOD) (P) 

L25 118 S PHYTOHEMAGGLUTININ (P) STIMULAT? ( P) (HUMAN PERIPHERAL BLOOD) (P) 

L26 9 S PHYTOHEMAGGLUTININ (P) MITOGEN STIMULAT? (P) (HUMAN PERIPHERAL B 

L27 0 S PHYTOHEMAGGLUTININ (P) MITOGEN STIMULAT? (P) (HUMAN PERIPHERAL B 

L28 0 S PHYTOHEMAGGLUTININ (P) MITOGEN STIMULAT? (P) (HUMAN PERIPHERAL B 

L29 1 S PHYTOHEMAGGLUTININ (P) MITOGEN STIMULAT? (P) (HUMAN PERIPHERAL B 

L30 16 S PHYTOHEMAGGLUTININ (P) STIMULATED (P) (HUMAN PERIPHERAL BLOOD) (P 

L31 49 S L17 AND L15 AND L10 

L32 134983 S CYTOKINE OR IL 

L33 10 S L31 AND L32 

L34 443 S PHYTOHEMAGGLUTININ (P) STIMULATED (P) (HUMAN PERIPHERAL BLOOD) 

L35 0 S L34 AND LI 

L36 2 S L34 AND L8 

L37 575 S MITOGEN (P) STIMULATED (P) (HUMAN PERIPHERAL BLOOD) 

L38 0 S L37 AND LI 

L39 0 S L37 AND L8 

L4 0 812 S EOTAXIN 

L41 0 S L40 AND LI 

L42 1 S L40 AND L8 

L43 319 S OSTEOCLAST PRECURSORS 

L44 153 S OSTEOCLAST PRECURSOR 

L4 5 153 S OSTEOCLAST PRECURSOR OR OSTECOCLAST PRECURSORS 

L4 6 414 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS 

L47 0 S L46 AND L23 

L48 0 S L37 AND L46 

L49 0 S L4 AND L46 

L50 9 S L6 AND L46 

FILE 'MEDLINE' ENTERED AT 16:11:22 ON 28 AUG 2002 

L51 449 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS OR PREOSTEOCLAS 

L52 733 S (MITOGEN OR PHYTOHEMAGGLUTININ) { P) STIMULATED (P) (HUMAN PERIPHE 

L53 0 S L52 AND L51 

L54 7954 S OSTEOCLASTS OR OSTEOCLAST 

L55 2 S L54 AND L52 

FILE 'BIOSIS' ENTERED AT 16:14:15 ON 28 AUG 2002 

L56 4 91 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS OR PREOSTEOCLAS 



L57 1 S L56 AND L40 

L58 7404 S IL3 OR IL 3 

L59 8 S L58 AND L56 

L60 1788 S IL7 OR IL 7 

L61 0 S L56 AND L60 

L62 8609 S OSTEOCLASTS OR OSTEOCLAST 

L63 6 S L62 AND L60 

FILE 1 MEDLINE ' ENTERED AT 16:34:33 ON 28 AUG 2002 

L64 1491 S IL7 OR IL 7 

L65 44 9 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS OR PREOSTEOCLAS 

L66 1 S L65 AND L64 

FILE 'EMBASE' ENTERED AT 16:36:22 ON 2 8 AUG 2 002 

L67 404 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS OR PREOSTEOCLAS 

L68 1364 S IL7 OR IL 7 

L69 IS L67 AND L68 

FILE ■SCISEARCH' ENTERED AT 16:36:53 ON 28 AUG 2002 

L70 4 82 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS OR PREOSTEOCLAS 

L71 1604 S IL7 OR IL 7 

L72 1 S L70 AND L71 

FILE 'CAPLUS' ENTERED AT 16:37:17 ON 28 AUG 2002 

L73 3 94 S OSTEOCLAST PRECURSOR OR OSTEOCLAST PRECURSORS OR PREOSTEOCLAS 

L74 1468 S IL7 OR IL 7 

L75 1 S L73 AND L74 

L76 5555 S IL3 OR IL 3 

L77 6 S L76 AND L73 

L78 821 S (MITOGEN OR PHYTOHEMAGGLUTININ) { P) STIMULATED (P) (HUMAN PERIPHE 

L79 0 S L78 AND L73 

L80 5788 S OSTEOCLAST OR OSTEOCLASTS 

L81 3 S L80 AND L78 

L82 13 9 S OSTEOCLAST PROGENITORS OR OSTEOCLAST PROGENITOR 

L83 0 S L82 AND L78 

L84 47525 S PERIPHERAL BLOOD 

L85 4 S L84 AND L82 

L86 214 S JOINT FLUID 

L87 0 S L86 AND L82 

L88 56440 S JOINT 

L89 3 S L88 AND L82 

FILE 'BIOSIS* ENTERED AT 16:51:32 ON 28 AUG 2002 

L90 160 S OSTEOCLAST PROGENITORS OR OSTEOCLAST PROGENITOR 

L91 8 S L2 AND L90 

L92 0 S L4 AND L90 

L93 3 S L6 AND L90 

L94 5 S L90 AND L58 

L95 0 S L90 AND L60 

L96 0 S L40 AND L90 

=> s 137 and 190 

L97 0 L37 AND L90 

=> s 123 and 190 

L98 0 L23 AND L90 
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Osteoclast differentiation and macrophages 
Nobuyuki Udagawa, Naoyuki Takahashi, Takuhiko Akatsu, Tatsuo Suda 



D pp^rtmpnt of Rinrhpmi'gt^ r^rhrj^-U^ Dentjstr-yrfShowa University 

Osteoclasts are multinucleated cells that mediate bone resorption. They are positive in 
tartrate-resistant acid phosphatase (TRAP) and calcitonin receptors. Its progenitors are 
believed to originate from hemopoietic stem cells. However, the precise nature of osteoclast 
progenitors and the mechanism of their differentiation into osteoclasts are still controversial. 
We previously reported that osteoclast-like cells were formed in co-cultures of mouse bone 
marrow-derived stromal cells(ST2) and spleen cells in the presence of 25-dihydroxy- 
vitamin D 3 and dexamethasone. When relatively small number of mononuclear cells (10 3 -10 5 
cells per well) obtained from either mouse bone marrow, spleen, thymus, or peripheral blood 
were cultured on the ST2 cell layers, they formed colonies containing TRAP-positive mononu- 
clear and multinucleated cells (TRAP-positive colonies) in response to the two hormones with 
a linear relationship between the number of colonies formed and the number of hemopoietic cells 
inoculated. All of the colonies consisted of non-specific esterase-positive cells. The monocyte 
-depleted population prepared from peripheral blood failed to form colonies,- whereas the 
monocyte-enriched population produced a large number of TRAP-positive colonies. In addi- 
tion, alveolar macrophages formed TRAP-positive colonies most efficiently on the ST2 cell 
layers in response to the the two hormones. Salmon [ 125 1 ] -labeled calcitonin specifically bound 
to the TRAP-positive cells. Resorption lacunae were formed on dentine slices on which co- 
cultures were performed. When direct contact between the peripheral blood cells and the ST2 
cells was inhibited by a collagen-gel sheet, no TRAP-positive cells were formed. These results 
indicate that osteoclasts are derived from not only immature hemopoietic cells but also mature 
monocytes and macrophages, when a suitable microenvironment is provided by bone marrow- 
derived stromal cells. 
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wt &mm^z bmmtftiz ja--; ^san 

PGE 2 f ) <7) « t- i ■) #M*B1B& * & n It 1* 
SS**S5 frffctH * *fc L T n * d fc £ Jl ffl L fc. 
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jtjULinj&uitti- * $ >d<7> 



b*? 5 VDWigttSftaSSWf ASla^S- 
dihydroxyvitamin D 3 [la, 25(OH) 2 D 3 ] li, 

A^>) T-*S". lar,25(OH) 2 D 3 li, tHV : y^ 



tztnii, mU t> (BB W*) tw <t o T "fl <o ^ tc ? ft 
fc. la,25(OH),D,7S*v>xw#Mtt&j|ll»Rai 
!S(M1)J7;o7t- y ^tfO»^5HLff $ 
S * £ 3* A & flsffl £ t o 1 t 5g£ T* * o 
(1981*F). la, 25 (OH) 2 D,(ih h 60 »'3JfiL 

(HL-60, U937, THP-1) ti>')T-&<, 
IE ft W#«£i»fc {.v?o77-/ K.4Hb S * S 
ii^W^Sfifc. •7.;o7T-^li, 

*4Htt ix p>tm.mmzm%t i983# 

J= ii, la, 25 (OH) ,D, (i*&*tt«ttl!l& £ v ? 

o 7 r - i> iz t £ * b ti it T- < , * £ Wn 
v;n77-y^I^?*t^»l*W 

lQ-,25(OH) 2 D 3 ^i35ini--i> t, 
i:^TMWF f fliciK4;(80%){c|4^* < ec:|,. jffi 
iv^o77-/CMt5 la,25(OH) 2 D 3 60 

Sfc-kiklflUBIi.-K'iTi >, f#lcx-;/usyy 

J: 9»JS5fLS^Sgffl8&Ji, 4 £ •? K 

•i) EfWS (5S# W t li m h * l fctt f& * H 
Ife i: L T OJ§* K £ IS £ S £&||Blfe * m vitro T* 
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mitogen»&!(JSiigi|) 
(Con A, PHA) 
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;u7r-V»»^f7-^ (non- 
specific esterase : NSE) fm<VfflmX, Fc, 
C3bi UrTV-iiJtf la,25(OH),D,«9i'-fe 



#t146&** 7 r 9 — -fe*(tartrate-resistant acid 
phosphatase : TRAP) }%&<n%WmX'*\ % 

j] , v -> f =. y tz rj£ i x m S&ttSS i & - t 7) . 

»«-t-«*» (ruffled border) fc"¥tffl4tt« 
HH'flf (clear zone) & - t J: 9 , 



g5»ffiljltt»*X7T^— tf(TRAP) + 

^ ; u-> t-->-H:7°^- (CTR) + 

•a-MiSS^* + 

^Itti^f7-^ (NSE) - + 

Fc, C3bi ~ + 

7* d h y-t'v 7* (Vacuolar type) + + + 

0tttK*XBtXH (CA II) + + + 

£ h v*91-vv*.-7f>- (VNR) + + + 
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btibtiii, -fj^nftmiwuzm^?, £ ') 

SWffi ( 6 ~ 8 0 19) r% TWitJil < 85#ffllfeU 

atei l Minima * fm s * 4 e**oits k 

L^ 11 " 13 '. la, 25(OH) 2 D 3 <?)^ffiTT"7"> 
xco#M«^ ^ ft 3 f> ft^fA'»(2, TRAP 
P£1iT"£ 4 C t "», #/w-> F->S§ft:tSt 
£C i M >, ruffled border t clear zone %M$L 

CFU-F (»iia3D--iS|BSa 

^XW-PMHrtfflgfe* 6 ~ 8 B«*m, 

r ? — fe'(ALP) fcTRAP<7)~ltifcfe£8fe1-fc, 
la,25(OH) 2 D 3 ^#£TT-^l£;?ft£ TRAP 
PItt^*S«fl)ife^^y f (3^^»&(i, ALP P£ 

&<n^mmmmu<r> zin-- iz&m l tzua 
tz, trap mftz&fflmnmmmiikt^i t> 

iXh TRAP »tt*tt«HS(i, ALP PtttcD# 

m^^--tm^z^Ltz.^t '),&t#*ia 

Sin £ m frizth tiib, (3?rt- 
#*«PH&«l»M&« > Bi) t «E#*BI&«o fii* leans $ 



o 
z 
2 



o. o 

- E 

O 3 



400 



200 



1 I 10 



t J 5 



osteoblasts 



LOj 



spleen cells 



osteoblasts 
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XftrngmztittZ TRAP Pilt^SOTS 
(MNC) W^BSc (±11) fc, ^;ui-h-> 
(CT) 1R#tt<7) cAMP il£ (Tlx) C&i? 
1" la,25(OH) 2 D 3 (10- 8 M) WjcIj-^ 



.14 £ < Mtb htlZfr o ^ 16 '. i fc, la, 25(OH) 2 D 3 

?«« l tz®wmfa<?>mm±m * mm^tm 

&jzmi)0 LT t>, TRAP»tttt«&l±»*3fL* 



* 4 irWiM«l&**a-CtS* L la, 25 

(0H),D I OW*K*»*'*> f>T, TRAPPIHSI^ 

iza^x, m®mn<n zmmit, i*.25 

<0H),D I Ktfc# LT^&^BSt§n^ ,6 »(l3 3). 
Ifcnmm&Vbk+lb, TRAPP#tt«tfO^Bic 



iv. ttft^ h o-vjffiflaw 
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-G2/PA6 (PA6), ST2]* f , * fttftfK- 

** t a Mt^waa^ft fli £ 

hZ tWWeifrlzKntz 1 ". PA6A6^I2 ST2 
«M&£fliv»fcJ»'&-M:. lff,25(OH),D,»=J: 9» 
iff Sit 4 TRAP HBt3:^*SttHa<0ibS*' dexa- 
methasone**#L<{EiBLfc(*2). ttz. ?L 
flMUftft * wffjflSl?*B)l&T k * £ ST13« t # 

wnmnumz-fiti mc3T3-eked mmit, 

A: 17 '. Lfrl&rt^, El«£*toft## : »ifl 

\z^mm^%mu^^ t - 1 1± 

£>T-*I>. ^-T% -7?XBf^#£3 
( x h o - ^M) *<7)6f 51 * SAfc 18) . fthtl 

fz-?*y xmM. A $feJk<r>mt*. v □ --vaHB&ttcs 

-4)12, B*BJ&t«*ff^«^fc^"C, lor, 25 
(OH) 2 D 3 *-5^liSiJ E f I *cB$*;u* v (PTH) o 
fr&TT' TRAP Ktt£t«BS&«oK**s£L< 



{£j£L£ 18) . .LiOPf, dexamethasone Ji'^T- 

ttt^tz. ttz, Ks-mmi, PTH Hrr* 

(« 2 ) 18 >. m_t*)*q J& i 0 , KS-4*ffl8&Ji#*ffl 

eat l-cw^h 
v. tt#ttis»rt 

A'fffttS*'. dfiMi^Tfife CFU-S £"t 

H^p (colony stimulating factor, CSF) rt^ffi 

h. — #M*H8awS»3t§# (Dexter culture) 
9, in vt/ro T-fiMffl CFU-S 

tf^tiZttotz 1 *. Dexter culture fi±, JfilEfc 



ft 2 X<7> 40ft B t #1 
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8IIKIBlia»=^t1-6#«iS!Ofl!iaBI!«IBI!&-e* •> . 

mt^m.-thfzMz[i, PA6»t<7)a®®tt; 

(direct contact) tfW&'Qh 2> 22) . 

PA6»(2 IL-3^ GM-CSF fcg^Lfru 
tztb, PA6»W^£f*?Sttli, K^OWitJfc. 

£ftT%*jtt& i "f© 3 ftTv 

^o+ff^aawsf^sai- ± o x mmmzm 

t,frt,z$tiiz u \ Z OjSJHi(EJiH-7-<±SLF 
(steel factor) £ "f (i'ft, 1 fflwHIHil K ;M 

62481160 7 5 /g£S*± 0 ££#tS 

8&R(w5E^L-Cv^SC fc**5*3ftfc 14 ». PA6W 
8&OTj£liL£J58Milfcfc SLF l±««tM41-i 

fc. C <r> Z. t (4, j^*ffl8&£7) cell-to 
-cell interaction, *£^I±X h o 

matrix £ 5Sc#«BulB» £ <n cell 
-to-matrix interaction (OMM^tiMMtX is 

fli£<7) SLF (i£fcLT58E#ttM&tf>4MteH 

7XC, W/Wt Sl/Sl d t^i 2W.M<r)M.& 

WAS (Seed) fc, &#t±X h o-^«HBS (Farm) 

<t W j&fE-T-jlWi c-*»7 proto-oncogene 
■C*9,S/a:fS J f-«0S ! ^liSLF(c-M iSfS^F-tfO 

tc S ft ^ 24 ' 25) . 

ffe#*^B;i|Mi, c-kit w**|*ffl*#+4 
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4 l t c: b , fi-is $ <t) 9 1 ii ia± ^ » a< b * 

Ji»33E£fc«iiM StiTUo fc 26 >. o * o , ajto. 
#«**£#*. fcftsafctttWJi, c-kit 

(cffiTf L T *i® t S »T flg'ffi ? ft W -C* h . 

^ slf MM^x-hi si/Si'-wxn&izu 

mzm&X'ffi&mmzwtT $&zt atm l 

X^h. £tz, 'imtbll^z, gt#«4fr 
t£ •) 5}\\jr>'MMi~? 7 o 7 r - v^<0*fflJJ&*» A> 
6 «"ft**^r*6T* &>!££# *.•!>£, 5S#*B8fe 
£7)*^'fbt-M41"'i)X h o-vifflJfe'fi*<7)ia 

SLF KM-OH^t?**? fcSHMft*. 
fcftfcftli, zixtX-nTm^tfitifrti, z 

6 £#*.Tv->£. 

vi. ffi-ftmna^jeis : • □ 

^^*g**^§ftT§^. -twKftWirW 
^c7)jjita(co ^ T liffe^i^iii 28 - 29 '^ 3 ft^ 
v\ 5S-i-*HB&^^"fb^ia@(-li. ^4 3oc7)# 

B5ffifflIfeCft*t6 -eLT^3W 
JSfV^bL^W- v?d7t-^ 

<^ ft i> #flffl^c7)*BH& fc gEfl-MHUg^ tt^^ * 
%tZST2mmtcr ) mm®$:ft'??z S0 \ ST2 
«A f *-l<7) feeder layer &]&fcLtz1k, 245\ 
tS*7*w- h K^ft (10 4 ffl) OlMBMltttia 
^T^ la,25(OH) 2 D 3 £ dexamethasone 



ST2*miiei±t-B^*ra'i&ri : i* c7) *ffl^* J * t * tl * t ^ 

fiLt*l<iofc3ni-^*?*lt. 10 

D -_(7)(K.«|5C TRAP PIH^Mffllfecotfi 

-^rfi^iaw^MtcffoT, TRAP FftttauS&li 

flLt^ot la, 25(OH) 2 D 3 t dexameth- 
asone INffffiTT't, =» n--^*(ilH]#t-IS 
tohtltzW, TRAP Pi14*ffl)fe(i£< ffl«L*r*> 

wkd iz&mthmmv trap »tt«B«a^w 

<bT, *ffilfil^*^Bl&* 1 h TRAP 
frfcfrofc. #lft?Jtfc TRAP HHt 



(H4). 

L, i -5 frtWfe** trap p§i4»£^tr 

SfflS&frfc ST2«Blfc±fcli 
SlcWfc-atriii^-t-li'^ TRAP pg14:ID 

tzztibnmm- trap t nse ^-fiifefe 

w*. ST2«BBS±-C»*5^t'<"fW3 0- 
-ti NSE RttW*?o77-i>= , o--* 0 
4r •) , * * C TRAP HMt*BiS* , ^»B* 
*ifc»°>. KU^fc & <t 9 • NSE m ^ * a 7 7 
-i>fc TRAP PSttSSfl-fflS&lil^-^^* 15 

4Ht+ * - 1 a*» < * ftfc • 




Number of bone marrow cells Number of peripheral blood ce 



H4 ^aAlllMC^i-Sl^WtttSTZOcdlla^iXj^Lfck*^ *«L*:*tt 

fflMfr&fc^riiSftfc TRAP PI14«Sr-&ti'= JD --^ i:C0 «'^ L ,-«im 
■ , ocfnw) n t dexamethasone nft&TT&fttZmtfz. *tML«*fflH&li. ? ^wf 8 : 

TR AP»ttW»fe £4tr3o--ft*ft«*Lfc. 
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feeder layer ±T" 1*, 25(OH) 2 D 3 <0?f-ifcTT*-7' 
•7 X CO IffiBa-r 9 a 7 r - V s £ tg# L ^ 30 '. f&& 
frfi! L T # A> flfclffit n»lll&a<7>lli|Jll&v 
^7r-/li, ST2»llia±f £ fo&bX i 

+ TRAP Pfttt«Bte**m£Lfc. 
^i; a u - h-p*iJ»LTWfeiiA:T">xolB[e 

£>tt£. HiBS-v^o vr-v'ttl*^ TRAP FI 
tt*fflSfe{c{±^/ux h -> u- -fc 7° :?-tfO 
IhktLt:. £ ^,ftifK^#«fr±T-, la, 25 
(OH) 2 D 3 t dexamethasone c7)#ftTTST2t 

- v JjL*h J£*$ (= iJ ^ T (3, 1 « , 25 (OH) 2 D 3 K 
± 9 »^-**{E ? ft.*: li, a /u -> > - 



(M-CSF)<7>a« 

ST2*|IIB&±-C-cov ^077-^ = 0 - -W 

tiuzMqtim-T&mx-hti *». sT2waii 

I J -3* GM-CSF £i££L&^*< M-CSF £® 
^t^ 31) . M-CSF (iSrU)l&-v^D7r-->'C0*i 

tli>, M-CSF «fftTf> f-yu-b;UD — 

M-CSF** 

k#iTv»S(H5). iCit, M-CSFIlBtR 
ii 4fcy>, R*S<&-g*> M-CSF 

3 ft/C^ 4. *ifi, mig&m M- 
CSF iiiiSg#£3- K1"S cDNA * transfect 

**tR#Sflfc , » ST2«BI»±-Ci?*li5il**«R 



| m-csf[ 

CFU-S CFU-M Monocytes Macrophages 
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Bone resorbing factors 
[la,25(OH) 2 D 3 , PTH, PGE 2 ] 




4 • 



Direct interaction with osteoblastic cells 



Osteoclasts 



M-CSF 
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ai l r # *> & a * £ £ s t a * 

(osteopetrosis) #t&&ffi 

ic ± ') § t & h , c <r) 9 A -rn-kmfc 

iffl(i^T-*o^. 19903s fl^^eo^ffl t 
!±, op/ op M-CSF <7)«^jlfS^-(c^ 

thymidine ll!Oj?A£ JEib U %<F>izlh 
op/ op v)xflJ4iiStt^t§ M-CSF 
**S£S#l$rn - t S-^S L^ 36 >(I21 6 ). 
btlbtlU, heterozygote^^"? 

Sddy^ * X ft *ct) ftWmK& * 1«, 25 (OH) 2 D 3 
^Tt«#tJt, +/ ? v>>x«IMB 

v&zm^tztgi&tmm^, trapp^4t-;$a-> 

S^fSSi-U:. :<o;i*^, op/op-?7*<7)W. 



ddy V7 X <7) H^-*BIJ!fe t <0 * I- H^Xit, 
TRAP»ttW*«i*J <fc Lf^««BKHi^< .'11*1 

iz. T&^mfk^fk rfBtb htltc^Z-rtop/op-? 
7 X CDftWfflfo t ddy-7 7 X <7) IfMi! CD *ff lg* 
*£20~200ng/m/<?) M-CSF£l«, 25(OH) 2 D 3 

t fc t-iiip Ltz tz*>, mwm-nz TRAP 
B14 wifcfrttiji&^ii&a^* $ ixtz 37 Hm 3 ). 
op/op-^'jz.nftwmmi m-csf *it 

^(X-f X)c7) Felix f>, Jo iLfjyfi^O'M 
op/op-?7*.\z M-CSF *jlHft4'-tS 

I6£ L^ 40 - 1 '. W±<0*P^.J: 9, op/op -?7* 

iz&iiz&%mm%.<r>ffi'ptt, #3«<o m- 

CSF«^JI*CieEgi-4i:*ifetL4. 

OtftfijO — 3(i M-CSF ^14t5:tf* 
^■9 i:JS5b*i4(H5). 

r-i?, M3&-?9uyT-i?, Kupf f er « (ffF 
H), microglia (aajirt't'* U'ilJ ti \z, % 
tiZ'tvnm&izi <<) 7 n 7 T - Wl&Witffi 



85 86 87 88 
M-CSF Ala Phe Phe Leu 
Gene GCC TTT TTT CTG 



89 90 91 
Val Gin Asp 
GTA CAA GAC 



92 
He 
ATA 



op/op mutation [ TfThymidine) insertion at 262 bp] 



1= 



93 94 95 
lie Asp Glu ■■■ 
ATA GAT GAG ■■■ 

Stop codon 



op/op M-CSF GCC TTT TTT | T |CT GGT ACA AGA CAT A AT AGA[TGAj-«- 
Gene Ala Phe Phe Ser Gly Asn Arg His Asn Arg * 
85 86 87 88 89 90 91 92 93 94 95 

H6 op/op-WXlZ%lh$tl& M-CSF ififci^SSt (Yoshida. H. et ah : Nature. 345:442. 1990»>) 
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SI3 



op/op-? v * mm®, t mmm tz*kftm%& i= *>• it z 
wammti&t®mmi~±!> in vivo vnmm&ws. 



(donor) (recipient) 



in vitro i- 't h 



m vivoX'F) 



op/op-*"y* 



op/op^^^ 
op/op'?'?* 

( + M-CSF) 



+ 
+ 

+ 



a) ddy ■v«7X*jE#-* , *Xfc LTBJ^fc. 

b) ^PRcof-^li^^**. f 

c) op/op-V?^ M-CSF fcffl^tftfc* 



+ 
( + )"' 



JfijfiW ^ r/u t Lt, mononuclear phagocyte 
system (MPS : *tt**ffll!&*) t ^ "5 «****P 

5>|±#*fi+tf>i£jM*»«&t::S# U CFU-GM=> 
CFU-M £ ic^&fc & o"t JfiUJiLf- A ') , 

CFU-Mfi*W«fl"«il&BijKWI&tl. 

D 7 7 _ v X' h h IzfHtt h V h b 

t(BS). 

mat - -7 9 n 7 r - v i*. sT2imttLb?*iM L 

cn**^. w- 7 ^ 7 

r - v 5 A*ST2*ffl)!&±'C-l#M1- SCkCJ:^*^ 

mmx-hh. «#«i&i±. trapsi*. #^-> 



h ^ y w -t 7° * - *s <t V#%iR*6 ^ ^ o fcffc*) 

?D7r _;;^j|t|llfti:ft*tii!:. * 

flBfc) f ^ 4 i t b ? 

tt^lBia^a^t *M-CSF{i«t*«W&«I | B*» 

(OH),D,*£W#i»JRia*«i, 
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